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(54) Method and arrangement for time of flight spectrometry 

(57) A time of flight spectrometer includes two separate ion beams 30A, SOB and associated detectors 38A, 
38B. The particle beams are gated or combined to achieve an overall 100% duty cycle. This alloNA/s continuous 
data collection, abundance sensitivity and mass resolution In time-of-flight mass spectrometry. 

The two ion beams may be produced by a pair of electron streams 20A, 208, a single electron stream 
gated between two paths (figure 4A, not shown), a pair of other ion sources (figure SB, not shown) or a single 
other ton source gated between two paths (figure 4B, not shown). 
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METHpp AND AIWAW 

. .FUGOTSPECilipMETRY 

. . BACKGROUtlD . • 

.The, present invention is. directed tqward the .technical £eld of time-of-flight 
(TOF) mass specmjmeters and,, more particularly, .toward the improvement of duty 
cycle performance in TOIi mass spectrometry. 

. Jta the publicationt "The^ Ideal Mass. Analj^en Fact or Fiction?," International 
Journal of Ma^ Specja-prnetry arudjon Processes^ yoL J6, p 125-237 (1987), which is 
incprpprated herein, author Brunee discusses,- the- binh of time-of-flight mass 
spectrometry^ diiring th?. l95p's. Tlme-qf-fIight;mass specp;ometry was at first 
predomnptjy^usc^djn tije ?tudy of fast reactions. As time-^f-flight mass 
spectrpmeters operate at very, high scanning speed, data from spontaneous reactions 
can effectively be jrecor^^^^ high rates of the explosions themselves, e.g. 

10^000 mass^spectra per second^-or more. Even though jtime-of-flight techniques were 
accordingly used in the past to study Cast reactions such as explosions, other 
ap^lications^of^this^ neither, widespread nor plentiful. 

. _^In_fact,Jt was nQt.uptjUhe.la^^ when plasma desorpiion techniques 

were fiKt^applied ^o XOE m^ss spectrometry .as described by Macfarlane, (see for 
example JPranee bx. page, 151)^ that TOF mass jspecn-ometry began to show promise in 
the analysis of high mass. mt^l^cules. In particular, Macfarlane showed that high-mass 
molecules^could be_^efficigtiJlyJpoized m detected as well as low mass molecules. 

; As is now genera^y knoygi, in. TOF mass spectrometry, ionizing a sample 
_ provides a^^^^ The resulting ions are separated 

by^thj^^fU^ tip(e^;|i^.:recQrded,i^ piibe counting, techniques. The output of a 
multi-stop tmie-t^^^ conYer;ter then, provides a direct measure of the 
con;espondi?igjpa|S. . . . : ..r * . 

,^In jdea} cu:cuin?taflpes,,all of the iqns generated during TOF mass spectrometry 
operation are detected thereby avoiding detection loss^ due to scaiming from mass to 
mass as in the case of quad and sector instruments. Conventionally, the plasma 
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desorption TOF technique is combined with a liquid chromatograph for the 
' identification of high mqleculaf weight compounds as well as for elemental trace 
analysis of solids. Theoretically, there is no detection limit with r^pect to mass range 
analysis. Mass separation is solely dependent on flight time, while scanning and 
recording speeds depend: solely on cycle and flight time. 

This variant of time-of-flight mass spectrometry has however generally shown 
only liijitea setisitirtty wth sm^ ionization efficiency 

cirops considerably witfi increa^ Heavy molecules need a 

higher density of energy for-^isir^blition fe^ avahkble by plasma desorption time- 
of-flight' techni4ufes;^mais rangVand resolution have been limited. 

- Aheriipts to n#CTease mass' resdlufiotf^ In the 

publicatioiC 'TTie- I^enaisiance of Tiirie^ Intemadonal 
Joiunal of Jdass Spectrometry 'arid'-Idri^^^^ (1990)f which is 
hereby eiqiressly'^'incorpbrated^ierei^ illustrate the many 

methods that have bten attfernpted'^tro teapfbvfe^tlie rWSutid A conmion method of 
increasmg the mass- res6lutionracc(Srdiii]^%^' reducing the velocity 

spread of the- lorS. ©ftenrthis is adhffiv^cf b^^^^^^ under application 

of dec6leratfag^arld'i^fltf(nirig: fields, ffi ari aSeinVf to acliiew^^ raass-iridependeni 
space and- ehergr fo*tixsing,- arrodiei^iSfe&*53yf^ dyiistriuc post-source 

acceleiratibn.* Kinsel and Jbhnstcm' ragge^&S^usteg^ pulse focusing as a 

method' to 'iirnprove^fesolution in linekf 'tirne^^fliytirini^ spectrometry, while Muga 
applied the principle of velocirj^ cotapadtidfi to itdprbv^ie reisciliition in this work, 
Anafytical Iiistrurtiehts, vol 16; page 3r(i987); * ^ ' ' 

The^prior aft methods referenced above are liniited in' their respective practical 
applit^doris/- GeneraUyrmass resolution' is' gMed V eiii^^^ deflecting, reflecting, or 
ricontrolling the-veiociiy of the panicle s'pf^dL" Cbir/erifiiohal tii^e-of-flight mass 
•Ispec^trometry apparatus' furftier^all employ^^ ^(^s tbV 'stiinulus. For example, 
^'sirigle pulse ion sources establish tirne resomfibn th^* i^^ to the detector. 

Conventional TOF spectrometers avoid overMp ih'fUght tiriaes at the deteaor by 
'making the scan repeat time (cycle titney ir ieitsi Tong as the flight time of the 
heaviest mass ioru This long cycle tirne* coupled' w ^ilsed ion production time 
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leads to a very small duty pycle and consequently very limited ion abundance 
sensitivity. . . • - - ^ ... 

Furthermore^ time.K3f-f[ight mass-spectrometers are currently not fully 
compatible with all kipds of available ionizing sources. For example, a single chexnical 
ionization source cannoj be pulsed sufficiently rapidly for satisfactory resolution in 
normal operation of a. TOF spec^ According to another ionization 

alternative, an electrostatic energy analyzer can be introduced between the ion source 
and a linear time-of-flight mass analyzer (TOFMA). This however improves 
^resolutipn at the price of sensitivity; - 

Time-of-fKght instruments are used in fields other than analytical and physical 
-f?®."^r^*- bmltfor the identification of high- 

energy particles in nuclear physics experiments. These instruments have also 
incorporated .magn<;^pjdefl^^ as applied to space- 

science studies are further especiaUy useful in the analysis of Isolid particles. 

Conventional rime-of-flight mass spectrometry uses a single pulsed ion source 
to establish tip^ re^plution; from the ion transport to>the detector. The best duty 
cycle achievable using such systems is signifi»ntiy than 50%.- Simpty put, only a 
small fraction the sample is available for analysis. In situations in which a limited 
ampmt of jthe^s^^^ available; instifficient data is thus gathered 

adequately to %tudy thcf ioris, . : . f 

What is accordingly needed is a time-of-flight mass spectrometry approach 
wh|ch ^nabl^ maximuin sensitivity, Le. optimal use of the sample, prior to analysis. 

SUMMARY OF THE INVENTION 

The apparatus and method of the invention controls and/or directs gating of 
sjngle or ply^^partiQle ^ean^ substantially continuous data collection in 

time-of-flight mass spectrometry. Multiple piarticle ionizationf sources drive 
corresponding plural independent ion beams, or alternately, electrostatically switched 
beams address and drive several separate ion-formation regions in the same or 
different sample structure achieving 100% duty cycle. In particular, according to the 
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invention, each of at-jeast two ion beams or streams is directed toward a 
■corresponding detectof (ifiannel yielding fin bui:j)iit signal^in kch channel indicative of 
masses detected. The production and detection of multiple signals permits ongoing 
. -analysis of the mass spectnim of"sdeaecf-ikrfipi^ under consideration during 
- successive pattial^cycle^ of the-b'e-aii amotintitig tb'an effective 'lOO% duty cycle. The 
-use of multiple- detecWrxhanniels pro^ ^ta boUecrion over selected 

time periods,-thereby psmmigm^^ cif m^'idvai,tdg^ of a multiplexed source 
in timerof-flight mass ?|>ectrometiy;- ' - : . ^- - 

BRIEF DESGJUrabhf bF THE''^^ 

Figure 1 shows a' cut away schimiitic <Sizgriam of the 'present invention. 

- Figure 2A illustrates a^^first-sYmplififed gating sgqufeScV With respect to time of • 
the -partiple beams. • ; ^' . :-^\r^^ \t- \ ris i- ■. s i:^ 

■ Figure: 2B .illusirates^a second-ii^bplified gating s^iqiience witii rtpect to time 
of the particle beams. = ---^ 'Si- -s - '- ■?? 

'g»re.3A fllusirat«is a^distsribiitdi^eiiec^btfWufCe"^ iterating two ion 
beams having a combined effective 10D%'duty eytit. ' ' " ' ' 



. .. Figure 3B illustrates a distributed ion-soured wherbih the tNvo ion beams 
sequentially gated producing an effective 100% duty cycle. 



are 



Figure 4A illustrates a unitary electron source generating two ion beams. 

, : Rgure 4Bi illustrates a umtaiyion soiirceVherftiri ion'bbams feve been 
generated.,;! - ' -"..-.t -.-j 



DETAILEp.pESCRIITION PF THE^I^^ 

Figure 1 show an arrangeinent for.,^nie of flight mass spectrometry including 
_time of fUght mass specu-pmeter;(L^ TMS)„deyice 12 in cooperative relationship with 
first and second elecnpn ionization sources, 10 and 10' and collection plate 26, For 
containment of inner elements to be. discussed in greater demil below, TMS device 12 
includes a containmem structure comprising, outer. walls 12(1) and first and second 
disk elements or end. pieces 12(2) and 12(3). TMS device 12 is further internally 
divided into chambers to be described below, which^ace bounded by respective disk 
shaped barrier walls 12(4) jnd 12(5). As will be. discussed, a first one of the indicated 
chambep .inclijdes a pusher plate .28 for. propelling ions generated in the associated 
first cta^ber into an associated second chamber for reasons to be discussed. 

Wjthin M jnstram^ second electron sources 10 and 10* are 

mounted adjacent to a tunje pf flight mass spectrometer device 12 (hereinafter TMS 
device 12") to provide a stream jDf electrons for production of ions within TMS device 
.12, More particularly, ^^^ilS deviQejl2js shown in Figure 1 including an arrangement 
of ch2mbers,^r^e^^^^ 18, drift region 32, and detector region 

36. "nie- cgntomment pf TMS device 12 is. traversed for jii^ess and egress by 
respecriye input _a|id pujpu^ . • ; . , r 

. .. .In^ operatign,TMS. device, 12;is first ^suitably evacuated through output tube 14 
which extends into, instrument casing 8 to withdraw gases. initially found therein. The 
sample to >e.Mal)^d,,is introduced into the ionization chamber 18 via intake tube 16. 
The electron, sources 10 and lO'r emit electror? beams 20A and 20B respectively. 

_ ^Electroii b^ams ?0A and 20B.enter ioiiization chamber 18 through input 
apertures ^LA smd 22B.^ :The electron beams, exit the ionization , chamber through 
output aperTures^24A and 24B thus terminatmg at coUection plate 26, which is 
n^ounted in the instrurnent casing 8 and external to TMS device 12. As the electron 
beams, pass through the ionization chamber 18, the sample is, charged. Pusher plate 
28 pushes the ions put of the. Jonization . chamber as-ion beams .30A and ^OB. Ion 
beams 30 A and 308 pass from/the chamber 18 to drift region 32 via exit apertures 
34A and 34B. The ion beams travel through the drift region 32 entering the detection 



region 36 via exit apemires 34A and 34B. The ion beams 30A and 30B impinge on 
defectors 38A a'nd 386 fespfectiively: These detectors 38A and 38B are conneaed to 
detector channels 40A and 40B, These leads connect to external evaluation means 
sudras pulse count to and a computer (not shown). 

* • According to the invi^ntioh, the m&ij^ caising"^ is effective for moimting 
(according lo'i prefeited enlbbaimeni) 'fifst M<f seem sources 10 and 10' 

- and, in cooperation thefiewith ffie^TTiilS' device' il^ Ih piarricular, TMS device 12 
indudes^an oxiter containment 12(1); pfeffeJably cbristruc^^ of a suitable sheet metal 
nlateriaT fabricated into cylindric^ or d&er"tiiWaf To^^ fiirther including two 

' disk-like 'endpidrifes 12(2) and 12(3)/respe6tively''servirig as input and output sides of 
-the TMS device 12, Th6 TMS deVice l2'is div^^ed' into t^f ionization 
chamber 18; drift -re^on 32,' ana Beteft^^^ lohmation chamber 18 is 

bounded by* oufercontainm'ent 12(^/inpiii e^ndJiiMe^^^^^ and wall 12(4)?;Drift 
region^2 shares as its *iidev^ walls 12(4) aiid 12(5). 

- The shown preferred version fs dffecfive for^prbdudn^ pre-encoded electron 
and ion beamirrespectively^'liO'and io?' fhe'wrsioii (rf"the^ invention shownMn Kgurc 
1 indicate^use'of a pair of electron bkaraS/^A"aria'^26B^^ m which encoding (or "pre- 
encodmg) is ^afecomplisherf by^'^lteMtely'sviatV sources 10 and 10' 

on' and off This vefsion*is effective-'fot lirddui^ing^a'p^ corresponding 'ion beams 
30A and SOB. In the single "beafflA^etsiorfdf l&e IhvenfiOTf i^^^ ihe other hand, 
encoding of -the eiectroH beanr is Tidi ictbmplidi'^ lfi^ at the creation of the 

electrbnr be^ but instead occurs in'theSl5fika"tion^1^^ sample is 

introducedribmzea, and separat€i,^periodlc'ibh"y^kh&^a^^ ^ernerated therefrom, in a 
tfashion as^wfll bfe^discussed in Tde^ftrelb^ir. khbit;1tli6 efewon ionization 
source" lOj^cMrdihg'ta ^the firefe 'mdRle or'lhe'"inv^^ can be unitary or 
distnbuted- - In otKeFwordii as-wiB bis distiiSse^ Tielow, Sh alteraate embodiment calls 
for-use'of a single source lO; thereby omiftirig-go^ifi^^^^^ FigiiFe 1. 

- 3 J. The mstrument casing 8 Md the^TMS'd^oe 'l2*a^^^ prior to 
inmjducihg^e siai&ple- inio^tiie system." The TMS'deviVe^l^ts'e^ through 
evacuation tube 14 to create a vacuum. "' A's''imple is'inttodure vacuum system 
(-hot shown)' into the intake tube '16 tennScteS to ffe^ionizatiOT 'd^^ 18. The 
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ion optical systems for defining the output according to well known techniques may be 
employed, include lensing actions or end to end cylinders. 

Each of ion beams 30A and 30B &dxs through corresponding output apertures 
24A and 24B m wall ^12(4) and as shown m Figures 3B.and 4B, at the-output end of 
the ioni^tion chamber 18.^ Each of th^ resulting ion beams 30A and 30B then travels 
along a defined flight path ^thin drift area 32 prior to reaching a corresponding ion 
detector, which according to the preferred ernbodiment, includes first and second 
electrically insulated and separate detector re^ons, respectively 38A and 38B. After 
the ion beams 3pA and 30B have been detected by detectors 38A and 38B, spectral 
data is obtained effective for pemiittiiig. characterize ion beams representative 
of the, injected sample, and this infqnnation is decoded and processed by well known 
data analysis equipment (not shown) connected at leads 40 A and 40B. As already 
indicated, in decoding the data received, the spectrum of , each ion beam is effectively 
determined. The spectra thus established, may theij further be evaluated to provide 
.particular mass iirfqrmation about the san^iple analyzed. Ion beams 30A and 30B are 
encoded prior to. or foUowing iJieir creation. This provides a time stamp from which 
to measure the resulting ion beams 30A^and.30B, according to well-known time of 
flight mass spectrometry techniques, ^ _ . 

. ,^ As suggested abo^^ 30A and 30B.pass through apenures 24A and 

24B having apprqximatelv l^S millimeters in diameter prior to entering drift area 32. 
pach of the ion beanis 30A and 308., has a .unique flight pajh within the drift area 32. 
The.drift a^ea 32 is approamatelv 1 meter Jn length. Although the drift area 32 is 
depicted Une^ly, weU-known reflectipn techniques may be applied within a shorter 
drift area providing a flight^path of equivalent Jength. , While the present embodiment 
employs two beams^ the method is easily extensible, to include more than two beams 
to the beam gating sequence. The step of encoding includes^but is not limited to 
techniques of chopping,, bunching, or. extending the flight path. Although a combined 
electron beam source, and encoding unit is preferred, each function may be 
impiemenied separaiety^ Although, the figures, disclose cylindrical housing for TMS 
device 12 for the mass spectrometer, the shape is. merely a manufacttuing 
convenience. Although the material used for TMS device 12 is non-magnetic stainless 
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sample may come from a gas chromatograph or another suitable source. The sample 
is for example carried by the inert gas, such as helium, through the TMS device 12. 
Any other suitable inen gas would also make a'satisfactory carrier. Ions from the 
carrier gas are later eliminated before detection," since they contribute substantial 
noise "and severely limit the sensitivity of the spectrorneter. One way of removing the 
carrier gas ions is using the malefic field to further cblBmate the electron beams, 
having' the additional function* of deflecting the carrier gas ions away from the source 
eat slits or detectors. The heavier ions 'of interest thkt fdrrii the beams, because of 
thefr masses, are not deflected as much. 

According \q one pireferred version of the inventibri," sources 10 and 10* 
produ<^^t^o" periodic elebtroh beams*2dA' and 20B which are preferably out of phase 
(that is, ohelap*"or Ifeads the' other^ to a whaih e^aeht:' According to^one version, 
the respective beams may be^out 6t phase by tsb degreesl ' However, irsuffices for 
the invention to have them burdf^pfiase by^otiiy a sniall amount sufficient to produce, 
even overlapping, though partially staggered ouiput ion beami[s)* As a result, the 
feiectroh beaihs^20A aLnd'20B are suiiafeiy gated to provide* an' effective^iOO% duty 
cycle, as will be explainecL' In paiticiJir; the eifect of such a complete ^00% duty 
cycle is to prbduice a contiiiuous data output to accdmplisti tHe*^ optimized analysis of 
data from TMS device 12. - "^"'^ ' ' ' ' 

' According to the prefen-ed modfe, eTectfon beams 20A and 20B are applied 
perpendiculifly to the intended direction of travel of the ions that are produced in the 
ionization chamber 18 and directed tovi^irci output apenures 24A and 24B by action 
of the pusher platfe 28. 'The generated ibh 'beams SOA^ via the output 

"Apertures 24A aftd'24B;: Figure"! further show ihjectioii ducts and fixtures for 
supplying sample *materiab; and separately for eWciiatirig the* ionization chamber 18 
tb the desired'ptessure level However,' many other orientations of beains 20A and 
20B aririfeidered^vorkal^ ' * ^v:;:.;^: n:^ n:. .-c ^; ; 

The ioti ' beams 30A and 308 are cdlliznatedf prior "to exfung the ionization 
chamber 18. Collimation mky occiif according to well-known techniques, as for 
example, by passing the beams through a series of charged plates (not shown) with 
defining apertures, thus creating a narrowed output of the ion beams. Other suitable 
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Steel, the TMS device 12 may be coremacied from metallized glass, or goid-plated 

aluminum, or titanium or any structurally suitable conductive material compatible with 

good vacuum practice. 

The plates separating TMS device 12 into chambers are made of substances 

5 inert to the gases introduced into the mass spectrometer via a gas chromatograph, 

non-magnetiCj^^df easily cleaned. Depending upon the sample materials to be tested, 

stainless steel or another stiitable material may be chosen. In addition, the plates may 

be made of ceramic, sapphire, glass, or qimrtz which have been suitably metallized, 

. and, where required, insulating structures can be of ceramic, sapphire, ^ass or 

10 pollers. The entire structure is evacuated prior to use and the system operates in a 

. vacuum. _the vacuum provides a free patiifor the ions, to travel without interaction. 

After acceleration and transpon through drift region 32 of the time-of-flight 

mass analyzer 12, ion beams 30A and 308 strike or impinge preferably upon detectors 

38, including first and second detector portions 38A and 38B, respectively. The 

15 detectors may be .electron m such as for example multi-channel plate (MCP). 

In the case of a preferred embodiment, detectors 38 preferably split in two segments, 

for example, according to products commercially available from the company, Galileo 

Electro-Optics-. X^.ther detector jneans include using a single metal plate as a unitary 

ion detector. 

20 In operation, one ion beain 3Qi^^ strikes one, segment of split detector 38A in 

detection region 36 while ^the other ^eajn 3pB hits, strikes or impinges upon the 
secon^ region 38B. .^Wltien ap io][iized particle strikes the multi-channel plate, the 
_ , ^ .particle slQughs off a quantifiable number of , electrons. Hence, the multi-chaimel plate 
acts as an electron amplifier. Each detector segrpent 38A and 38B is connected to a 
25 sepp;ate date^prpcessin channel^40A^and 40B th«, includes fast digitizers or fast 

multichannel s<^are for pulse counting.. The data ^processing .channels 40A and 40B 
send the encoded spectrum information to a central processing unit (not shown), e.g. 
a computer, for deoDding. and a^ 

. Every ion species has a unique spectruin or signature at high duty cycle or in 
30 . . continuous operation. Furthermore^ each species contributes noise upon arrival at the 
detectors in proportion to its abundance. Whether a step can be discerned depends 
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on the size of the step in relation to the size of the total ion signal at the time of the 
' ' step and upon the time available for signal averaging between that step and the two 
■'acijaceni steps (at earlier and later tiines). 

The sigrial-to-noise ratio for gr/en ion depends on details of the entire 
5 mass spectnmi. During 3ie "on" cycle for eacK beam, the signal for a given ion is 

superimposed initially on 'the' signals from air ligHtef ions, theii in turn on those from 
heavier ions, whereas during the ''*off* q^cle, the" signal' is superimposed on those from 
heavier ions xmtil' it cuts dflL " 

One method of decoding is' sf^al' denvative evaluation. The signal derivative 
10 of each detector channel yields the mass spectrum "during eacH 'half-c^cle of the beam 
chopping. The maiss of the ion cbrrespbndirig to a step xri the signal is related to the 
time T thai the'stiep 'oct'iufs after a Beam traiisitibri approximately by r 

where ^ M = mass of ion* 

15 ' ^ *'^q'= charge ^df ion 

V = energy of ion 
^ ' * * ^ L* = terigtfi of lon^drift'paiK " " ^ 

^ _ - . >i 

' " If high accuracy is ffeqmrfei'rarfections ih'ay'be calculated for the ion 

acceleration regfon. In pwetice, the signll'processm^ algbritfaiEs^' would be selected to 

20 average the signal property ii'^bfdfer 'lb determine the st6p sizieia' and positions with 

" /suf^ent accuracy ^d^^fth thd best achievable si^sU-fe^ra Other applicable 

^methods indtide processmg with maximimi* entropy," BayesiM iiiEerence techniques, or 

' - psfeudb^ran'doiii'encod^^^ with crbss-correlatidri detectibnr After the detected ion 

beams' have been decoded, the fesMing specmiths can be' further analyzed. 

; ' _ . - ' - .* : " . ijV^ v >:.^r; r. ^ err. 

25 The electron beams 20A and 20B^re1^'ted or cdritrolled such that the "on" 

time interval for each beam is eqiial or slightly' greater than the flight time of the 
heavi^^t ion frona the source to the detector** As^shbwri in Figures 2A arid 2B, the 



electron beams 2pA and 20B are gated so thait electron beam A 20A is a square wave 
and electron beam 8^208 is a cqmplementary sqiiare .waye. Since there is no point in 
the duty cycle where both elearon bqams A and B be ofl^ data collection is essentially 
contmuouf Each electron beam can be, gated on and off independently. The on/off 
transition can be. made within^nanpseconds,^ It then becomes possible to encode 
tuning information into the ion transpon without sacrificing duty cycle* 

Figure 3 A shows a^side view of the ionization .chamber 18 detailing key 
features of one version of the. invention. In%panicular, tiie. version relying upon two 
electron sources are shown wi^ the electron, sources alternately gated using D-Iatch 

An input square, wave clock sign|U having a desired period is for example 
applied to .the input^f . latch 42. A selected period corresponding to the mass of the 
largest p^icle of interest is to be examined, IncOperation^ the Q-output 42A of D- 
latch 42 is appUed.to Jrst el^^^ wMe-the "xiotrQ" output 42B of D-latch 

42 is applied to the other..electron source, namely source 10*. 

_ Thus, nvo Mmplementar^^,elecnT)n- bean^^ are applied to an input 

ion sample effectively g^nerating ^ con-es^^^^ complementary ion beams 30A 

,?^^^y P^^^^S- trough, the gaseous dispersion^of injected sample gas flowing into 
ionization chamber 18, .^though the beams haye.been depicted in Figures 2A and 
2B as symmetric cpmplemenm^ method is^easjily extensible to non- 

,syrainetric l?eams which are cptiiplementaxy such as in pseudo-random switching. 

, The eleptrpn„ heaps 20 effective for, ionizing the sample within ionization 
.chamber 18 do not completely dissipate within^the^chamber,- but, by vinue of their 
energy pass.entirply through the chamber, and out„Gf-its. far side through apertures 
12(1)/ in the chamber Jcprltaimnent ^ra^ particular, both electron beams 20A 

and ?pBjenmnate^at^^ cjoUection. plate 26: which, according to well-known techniques 
are mounted \Yithin instrument .casing 8. ^ ; ; 

The coiicept-of the invention rem be implemented by extension to the control 
of multiple, suitably altemately .out of phase ^synchronized ion-sources (as opposed to * 
multiple el|qax5n .squ^s in ti^m producing multiple ion beams), as suggested by the 
non-electron beam originating ion beams in Figure SB, or more than two electron 
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sources by substitutmg the D-latch with combinationai logic, a microprocessor, or even 
• a relay-system driving a siiitable ion Heam producing device such as for example a 
laser ^ribt shbwA) suitably mounted witfiih tfie frismiment casing" 8, Other approaches 
to producing plural idn beams* independent of the particular modes specifically 
suggested aSoveSvoiild- readily bd liowh to^indhadials slolled in the art. 

^ Figure 4A shows Aiotlfer version of the inwntion according to which a unitary 
electron source is used to generate twb "ion lieams SOA and 308; with the actual ion 
generation^still essentialiy being confihuousl^ In a preferred arrangement of this 
versiofl, the effect of multiplfe gated distnbut^^^^^ sources may be simulated 

from a uhitaiy source by elfecbbstatic^ deflecting the output 

of the unitary electron source into two different flight paths and hence, into two ion- 
generation regions;^ Tiie 'elecitron be^m pasi&' between two shon opposing electrodes 
,44A antf 44B conaposetf'bfTOridirc^e'ft^ The* 
electrodes 44A and 44B^are siiitabfy mduhfidl' efectirican^ coriWlIed, and otherwise 
arranged accbf&iig to wefl taawti relrlmq^^ ib those skilled in the art. The 

physical length of tfie eIectrbaes-44A Sn ^asd direction along the axis of 

TMS&evice li cblre^^^ for* each beam 30 such^that the 

segment defleeica is^^eqiiai'brslig^iriy'^eife^ f^t 'tiine of the hea^est ion 

from the source to the detectbr-38; An Wehilimg^^^^ as a i^uare 

wave, may for example alternaiingfy WippSed^d rSspective indicated electrodes 44, 
for aiternatihg or other^e adjustiiig thie :^)'cJianfy level of the electrodes 44. 

This controlling" elecmc field schefie^is 'j^^^ beam 20 to 

be alternately transversefy attracted to k cfififefeiiV by 6f tlie electrodes 44A and 44B. 
As alreat^. noted; •passing t&B'^itertatiftig e^^^c^^^ ion sample 

results ill tivo-eoiaplemehlaiy -ion beams-SOA aifci'sbBi " ' '"^ 

Fi^a[Uyras-showI^in "Hgi£re'*fB;'i sW^^ pfodiiced by'any 

•ioni^arioxt Voarce, feay be used in pJare "at the^s%feTllafdff Ijcmi of Figtire 4A, but 
this approach is enhanced by cdliiminofi fe^ttii%i, *as aiiided to' above, prior to being 
passed through the altertiating decti^c'fielit ' ion beam 30 traverses 

a serifejj of metal plates (not shown), pbj^itibn^d ^ithei: viithin'iltie ionization chamber 
18 or external thereto^ Tfie-' potentiali oin th^d'pfetfes 'kre cfibsen such as to provide 
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the appropriate iop optical characteristics for .proper coUimation and focussing of the 
ion beams. 

As is well-known, the graduated voltage differential of these plates r^tricts the 
particle spread in the ion beam. The beam is introduced 1-5 centimeters away from 
the start of the coUimation region. The restricted ion beam passes between two short 
opposing electrodes 44A and 44B in the same fashion as in the electron beam 
embodiment. Thus, chopping or deflecting a continuous ion stream results in two 
complementary ion beams. 

It is appare^0at other gating sequences can be used, i.e. coding/correlation 
schemes of multiple electron beams prior to entering the ion formation region. Other 
schemes include using a magnetic field to steer or deflect the unitary electron or ion 
beam. Furthermore, particles aside from ion particles can be detected, such as 
subatomic particles. Possible electron beam sources include using a hot filament 
combined with collimating apertures and laser desorption. Possible ion sources 
include but are not limited to chemical ionization systems. 

This method is easily extensible to other ionization sources such as laser 
beams, thermal generation, plasma extraction, photo-ionization, or field ionization as 
the means to generate ion beams. As shown in the drawings for purposes of 
illustration, the invention is embodied in a novel particle ionization source which 
provides gated multiple ionic outputs. There has been a need for an ionization source 
that generates an effective 100% duty cycle. 

As shown in the exemplary drawings, an particle ionization source providing 
multiple particle beams, such as an electron or ion source, is used in a time-of-flight 
mass spectrometer. These multiple beams are sequenced to provide an effective 
100% duty cycle, pchoiies for providing multiple particle beams include using 
multiple electron beam sources, a single electron beam source which is alternately 
switched or deflected between several ion-formation regions or a combination thereof. 
These beam outputs are sequenced to provide an effective 100% duty cycle. 

Although the present invention has been described in detail with reference to a 
particular preferred embodiment, people possessing ordinary skill in the an to which 
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invention pertains will- appreciate that various modifications and enhancements may 
•' ' . ■ ■ be'made^thbut "departing from the spirit and scbp'e oT the claims that follow. 




... CLAIMS, . . 

1. A time-of-flight arran|eraent comprising: . . . . 
excitation means for establishing a plurality of particle beams; 
encoding mesms adjacent said ^ex^^ means,, said encoding means for 

calibrating from said excitation means; 

an ionization means in turn, positioned adjacent said encoding means, said 
ipnizatiqn meaiis for creating, a^diroqrtpd plurality of ion streams; and 

a plurality of detectors respectively associated with . at least a pair of ion 
streams, wherein each of said plurality of detectors detects a corresponding one of 
said pliirality of ion, streams. . „ . . . 

2. The time-of-flight arrangement as claimed.in Qaim 1, wherein said plurality of 
detectors produces indications representative of the masses of ions in detected ion 
streams, ... ^ • 

3. The time-of-flight arrangement as claimed in Claim l,ywherein the excitation 
means comprises muicipie panicie sources. 

The time-o^f-jHight ^ claimed in Claim -1*: wherein the excitation 

means comprises: ,^ . . 

a single particle source; and 

means fpr.swjtch^^ :Z: 

5. " The time-of-flight arrangement as claimed jn Qaim 2 furthsr^comprlo'r- ::znal 
processing means tor analyzing ttie indications produced by said plurality of detectors. 

6. The time-of-flight mass analyzer as claimed in Qaim 1 further, comprising 
gating. means. f9r conprolHog. the time, sequencing of said plurality of particle beams 
produced in said excitation means. 
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7. A method for data collection using time-of-flight spectrometry comprising: 
sequentially gating a^plurality of excitation beams; 

encoding the plurality of excitation beams; 

ionizing by the "pliiraiii^ excitation- Ijeams cre^^ a directed plurality of ion 
streams; and'- - v- • ^ j .^v;l- ig; :t rr- r* ■ - , 

' individuaHy detecting eacn of said "directed" 

8. The method for data ccJilecrtiori using'Tfime-of-fligh^ spectrometry as in Claim 7, 
said step of sequentiafly gkting-cqffipfism|lspUttfa single particle beam into said 
plurality of excitktibn beamsl-' ' ^ - , . a i ; ^ ^ ^ j 



9, The method for data collection in fMie'-ot-fligKt spectfometiy as in Claim 8, 
said step of splitting comprising deflecting said single particle beam into at least two 
ion-generatioiVTegiohs.^ ^"^- - :-^tu:^r. i t . 

10. The method of data collection in time-of-flight spectrometicy as in Qaim 8, said 
step of splitting comprising alternately deflecting said single particle beam into at least f 
two^ different flight p^ths, • ^^^^ ' 



11. The method of data collection in time-of-flight spectronietiy as in Q^im 7, 
further comprising the'step of elirafeii^fg^^ciakiirabf^ to'said step of 

detecting. :?s2- c i-n . 



12. The method-of -data' cdflectfoff x^fi&l ^-'time^f^ghVspectrometiy as in Qaim 
11, said step of einninating comprising applying a field for deflecting undesir^Ie 
specie^lway from'a deteetihg regioft. ' ~^ Jn?-..- .r' . 



13. The method of data collection in time-of-flight spectrometiy as in Qaim 7, said 
step of detecting comprising: ' •'■ - ' - • • 

. producing indications of each of i^d -dSfeaek pIuraBiy of ibn streams; and 



evaluating said indications to determine the masses-of ions in detected ion 

7 * * 

ss-eams. - ' * 



14. A metliod of data collection in time-of-flight spectrometry comprising:. ' 
sequentially gating a plurality of excitation beams; 



encoding the plurality of excitation beams; 

ionizing the piuraliQ^ of excitation beams creating a directed plurality of ion 
streams; - — ^ ' - 

10 eliinihating unwanteci species said plurality of ion ^treanis; 

producing indications of each of said plurality of ion streams representative of 
the masses of ions in the plurality of ion streams; 
~: ~ detecting said indications; and — — - ■ - ^ . ^ 

evaluating'sald indications to determine the masses of ions in detected ion 
15 streams. 



! 15« A time-of-flight arrangement substantially as 

herein described with reference to the 
i accompanying drawings. 
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16. A method of data collection substantially as 
herein described with reference to the 
I accompanying drawings. 
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